Objective: To assess the health utility scores of Thais with hearing loss, which can be used as a reference value for assessing health-related quality of life and economic evaluations in any interventions among hearing-impaired persons in Thailand. Material and Methods: All hearing-impaired persons who visited Songklanagarind Hospital between January and June 2019 were recruited for the study. The demographic and clinical data of the participants including gender, age, and type and degree of hearing loss were collected. A health-related quality of life interview was conducted using the EuroQoL five-dimensional questionnaire, Thai version. Independent t-test and multiple linear regression analysis were performed to assess which factors were associated independently with the health utility scores. Results: One hundred and eleven participants, 46 males and 65 females, ranging in age from 22 to 92 years, were recruited for the study. The average health utility scores were 0.81 and 0.86 for subjects not using and using hearing aids, respectively, similar to the results from other nations. The average health utility score of subjects with underlying diseases (0.79) was lower than the average health utility score of subjects without underlying diseases (0.87) with statistical significance (p-value=0.038). Additionally, the pure tone average in the better ear was the only variable significantly associated with the health utility scores (regression coefficient: -0.004, p-value=0.002). Conclusion: The average health utility scores among hearing-impaired Thais were 0.81 and 0.86 for subjects not using and using hearing aids, respectively.
Introduction
Hearing loss is recognized as one of the most common disorders, and is associated with variable etiologies. This disability can also result in academic underachievement and decreased employment opportunities. 1 It is estimated that around 466 million persons across the world suffer from hearing loss. 2 In Thailand, approximately 11.6-13.6 percent of the population have hearing loss 3, 4 and overall Thai populations were estimated at over 66.4 million in the year of 2018. 5 As the number of hearing-impaired individuals in the general populations is high, any interventions provided for this disability will involve a considerable expenditure. Generally, the 2 main costly interventions, based on the number of uses nationwide and the price of devices for treating hearing-impaired persons, are hearing aid fitting and cochlear implantations, respectively. The Thai government provides all hearing-impaired individuals with a hearing aid under the Universal Health Coverage, while cochlear implantations are only provided under the Civil Servant Medical Benefits Scheme. In 2017, it was estimated that over 1.3 million civil servants were covered under this Civil Servant Medical Benefit Scheme. 6 In regards to the hearing aid fitting, the Thai government provides all Thai adults who are confirmed to have permanent hearing impairment with a one-side hearing aid without cost to the patient, at a maximum price of 435 United States Dollars (US$435). Both-sides hearing aids are provided for all Thai children confirmed to have permanent hearing impairment without cost to the patient, at a maximum price of US$480 for each side. In terms of the cochlear implantation provided under the Civil Servant Medical Benefit Scheme without cost to the patient, a maximum price of US$27,000 is set for a one side implant by the government.
Therefore, in terms of economic evaluations, it is necessary for the government to evaluate the cost effective-ness of the interventions associated with hearing-impaired persons in order to effectively allocate limited resources to meet all health needs across the whole country. To analyse the cost effectiveness in the interventions associated with hearing loss including hearing aid fitting and cochlear implantations, collecting data on health utility scores (HUSs) is an imperative initial step to measure health-related quality life among those hearing-impaired individuals. Specifically, the HUS is a value used to address the level of health status which is measured by individual preference ranging from 0 (death) to 1 (perfect health). 7 The HUS can then be used to weight the number of life years in a specific disorder into the number of life years in perfect health, which is known as Quality-Adjusted Life Years (QALYs). For instance, 10 years of life lived with hearing loss with a utility of 0.8 is equivalent to 8 years of life lived in perfect health (10 years×0.8 utility) . Various studies have reported that the HUS in individuals with bilateral hearing loss ranged from 0.77 to 0.89. [8] [9] [10] [11] However, due to significant differences in culture and socioeconomic status among countries, the HUSs also vary among those countries. 12 Therefore, it is important that the HUS for a specific disorder is obtained from an individual local area. 13 In Thailand, studies on the HUSs among hearing-impaired Thais are scarce; as a result, the cost effectiveness of any interventions for hearingimpaired Thais cannot be reliably assessed. Therefore, the present study aimed to report the health utility scores of Thais with hearing loss, which can then be used as a reference value for assessing health-related quality of life and economic evaluations in any interventions among hearing-impaired persons in Thailand.
Material and Methods
This research was an observational study (a survey). Data collection was approved by the Institutional Review Board, Faculty of Medicine, Prince of Songkla University. All subjects gave informed consent before they were enrolled in the study.
Subjects
All hearing-impaired persons over 18 years of age who visited Songklanagarind Hospital between January and June 2019 were recruited for the study. Participants who were scheduled for additional medical or surgical treatment due to possible hearing improvement from such treatments were excluded. Additionally, participants who had cognitive impairment, for instance dementia or mental retardation, were excluded.
Hearing loss definitions
Hearing loss was diagnosed when the hearing threshold in either ear at any frequency between 0.25-8 kilohertz (kHz) was worse than 25 decibel hearing level (dBHL) in audiometry assessment. 14 All types of permanent hearing loss were included, namely conductive hearing loss, sensorineural hearing loss and mixed hearing loss. Pure tone averages (PTA) of 0.5, 1 and 2 kHz were used to define the degree of hearing loss, which were mild (26-40 dBHL), moderate (41-55 dBHL), moderately severe (56-70 dBHL), severe (71-90 dBHL) and profound (>90 dBHL).
Procedure
All participants were informed in regard to the study aim, process and results, and if they agreed to participate, they signed the consent form. Baseline demographic and clinical characteristics including gender, age, underlying disease(s), type and degree of hearing loss, and previous hearing-related treatments were collected. Then an interview to assess their health-related quality of life was conducted by the researchers using a questionnaire called the EuroQoL five-dimensional (EQ-5D-5L), Thai version with permission from the EuroQol Group. The questionnaire consists of 5 dimensions, namely mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension has 5 levels which are no problems, slight problems, moderate problems, severe problems, and extreme problems. In terms of the HUS calculation, firstly, we assumed a baseline HUS of 1 (perfect health), and then reduced the score accordingly based on the ratings from the 5 levels in each dimension of the EQ-5D-5L as reported by the subjects. That is, the higher the level they rated for each individual item, the lower the final HUS score.
Statistical analysis
The clinical features of the participants are described using descriptive statistics. Age, PTA of the better ear and the HUS were continuous variables, which were analyzed using correlation analysis.
Independent t-test was used to show differences in the HUSs between subjects with or without underlying diseases as well as using and not already using hearing aids.
Simple and multiple linear regression analysis were performed to assess which factors were associated independently with the HUSs. Baseline characteristics and PTA of the better ear parameters were assigned as independent variables and the HUSs were assigned as a dependent variable. The Shapiro-Wilk test was performed for testing normality from dependent variables. In the simple regression analysis, a threshold of P less than 0.1 was used to recognize candidate factors for inclusion in the multiple linear regression. The multiple regression was performed using the forward selection procedure. P-values less than 0.050 were regarded as statistically significant. The statistical analysis was performed using the R program, version 3.4.0 software (R Foundation, Vienna, Austria).
Results
One hundred and eleven hearing-impaired persons, 46 males and 65 females, ranging in age from 22 to 92 years, were recruited for the study. Seventy two of the participants had one or more underlying diseases, including chronic rhinitis, benign prostate hypertrophy, cataract, dyslipidemia, diabetes and/or hypertension. Twenty-five were already using hearing aids. Table 1 shows the baseline characteristics of all subjects in the study. For testing of normality, all variables were not significantly different in the Shapiro-Wilk test, showing a normal distribution.
The range of the HUSs is shown in Table 2 according to the degree of hearing loss in the better ear and subjects using or not using hearing aids. Note that there were also a number of hearing-impaired persons showing high frequency hearing loss with normal PTA (≤25 dBHL) included in the study.
Although the average HUS among all subjects not using hearing aids (0.81) was lower than the HUS among all subjects using hearing aids (0.86), the difference was not statistically significant (p-value=0.200) in the in dependent t-test analysis ( Table 3 ). In contrast, when only subjects not using hearing aids were included (n=86) for the independent t-test analysis, the average HUS of subjects with one or more underlying diseases (0.79) was lower than the average HUS of subjects without underlying diseases (0.87), which was statistically significant (p-value =0.038).
To determine multicollinearity problems in the multiple regression analysis, variance inflation factors and tolerance analyses were performed. The results from the multiple linear regression analysis run by the forward selection procedure are presented in Table 4 . The multiple linear regression analysis showed that PTA in the better ear was the only variable significantly associated with the HUSs (regression coefficient: -0.004, p-value=0.002).
Discussion
Our study found that the average HUSs among hearing-impaired Thais (0.81 to 0.86) are similar to the scores in other countries (0.77 to 0.89). [8] [9] [10] [11] The EQ-5D-5L is not the only assessment tool which has been used to assess the HUSs for hearing impaired persons. In the United Kingdom, different questionnaires including the Health Utilities Index Mark III, the preference-based Short Form 6D and the EQ-5D-5L have been used to estimate the HUSs of hearing impaired persons, with findings of 0.58, 0.78 and 0.80, respectively. 15 It should also be noted that Thailand is considered as a developing country, and therefore our results might be more relevant to other lowand middle-income countries than high-income nations.
In terms of dimensions, namely mobility, self-care, usual activities, pain/discomfort and anxiety/depression in the EQ-5D-5L, another study reported that mobility was considered as the most important health issue in the general Thai population. 16 However, when each dimension in the EQ-5D-5L of our data was analyzed, we found that limitations in usual activities was the most important dimension, and which improving the HUSs for hearing impaired Thais would be most beneficial in our study setting. This is reasonable because when hearing impaired persons cannot hear or understand other people speak- ing in their daily communications, certainly, they cannot participate well in such activities such as working and studying. It has been reported in the literature that the worse the hearing impairment, the more limited the usual activities of hearing-impaired individuals, and the difference was statistically significant. 17, 18 We also found that the degree of hearing loss had a negative correlation with the HUSs as shown in the multiple regression analysis (regression coefficient: -0.004, p-value=0.002). In other words, the higher the degree of hearing loss, the lower the HUS. This is also sensible and has also been noted in other studies in the literature. For instance, the HUS ranges of mild and severe degrees of hearing loss were 0.89-0.92 and 0.81-0.86, respectively. [19] [20] [21] Regarding underlying diseases, including chronic rhinitis, benign prostate hypertrophy, cataract, dyslipidemia, diabetes and hypertension which were observed in 72 of our subjects, we found that the average HUS of these participants (0.79) was significantly lower than in those without underlying diseases (0.87) when analyzed by independent t-test (p-value=0.038). Even though these underlying diseases are generally mild and not life-threatening conditions, we emphasize that it is important to acknowledge these conditions because they can have a significant effect on the HUS in hearing-impaired individuals.
We found that the average HUSs of subjects not using hearing aids (0.81) was lower than those using hearing aids (0.86); however, the difference was not statistically significant (p-value=0.200). That is, the use of hearing aids did not result in a statistically significant improvement of the average HUS among the hearing-impaired Thais in our study. Even though the use of a hearing aid can improve the quality of life of hearing-impaired persons as indicated through various questionnaires 22 , our study failed to confirm it . This implies that the EQ-5D-5L questionnaire might not be useful for analyzing the cost-effectiveness of hearing aid fitting in hearing-impaired Thais because QALYs gained cannot be calculated from no HUS improvement. Other studies have also found that the use of hearing aids did not result in a statistically significant improvement in the HUSs based on the EQ-5D-5L questionnaire, and they concluded this was because it lacks sufficient sensitivity to detect such changes. [23] [24] [25] However, it should also be noted that our study did not show pre-and post-intervention (hearing aid fitting) HUSs. Therefore, our results should be interpreted with caution because we did not have baseline HUSs for our subjects who were using a hearing aid at the time of the study, and the true change of the HUSs after hearing aid fitting cannot clearly be shown. Even though our study could not show a statistically significant difference in the HUSs between subjects using and not using hearing aids, a mean change in HUSs was found in patients who had received a cochlear implantation. For instance, mean statistically significant differences in the HUSs of 0.14 26 , 0.18 27 and 0.26 28 have been reported between subjects with and without cochlear implantations by using the EQ-5D-5L questionnaire. Therefore, we believe that the EQ-5D-5L questionnaire is still a useful tool, which can be used to assess health-related quality of life and for economic evaluations of hearing-impaired persons, especially those who receives cochlear implants. There were three limitations to our study. Firstly, as our study setting is a tertiary care hospital located in southern Thailand where patients from primary and secondary care hospitals, particularly in the southern region, are referred to, thus there was potential selection bias in terms of enrolling participants in the study. As a result, our sample might not be representative of populations from other geographic regions in Thailand. Secondly, we did not recruit subjects who had already received cochlear implants, thus we could not assess significant changes in the quality of life in those patients even though this has been reported as statistically significant in studies from other countries. Finally, only a small number of subjects (n=25) who were already using hearing aids were included in the study, and this particular subgroup might be too small to reliably determine whether or not there was a significant improvement in the HUSs from hearing aid fitting.
Further research is required to assess the HUSs among hearing-impaired Thais who have received cochlear implantations. In addition, other questionnaires, for instance the Health Utilities Index Mark III and preferencebased Short Form 6D, should be used in order to evaluate whether or not there are any differences between the HUSs among these various questionnaires collected from hearing-impaired Thais. Also, studies comparing the HUSs among hearing-impaired Thais before and after receiving a hearing aid are warranted.
Conclusion
In spite of cultural and socioeconomic variations, our study found that the average HUSs among hearingimpaired Thais were 0.81 to 0.86, similar to the results from other nations. Additionally, we found the degree of hearing loss had a negative correlation with the HUSs; however, the mean HUS difference in subjects using and not using hearing aids was not statistically significant.
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